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ABSTRACT

Ditches lining agricultural fields are used to convey runoff water and are typically mowed to reduce vegetative
growth. If agricultural ditches are viewed as a wetland, ditch vegetation might be utilized to remove excess nutrients
in runoff water. It was hypothesized that particular species of ditch vegetation would be more effective at removing
nutrients in runoff water. Replicate 379 L Rubbermaid® troughs (132 cm ×70 cm × 66 cm) were planted with
individual species of soft rush (Juncus effusus), yellow primrose (Ludwigia peploides) and cutgrass (Leersia oryzoides),
common wetland macrophytes found in Mississippi agricultural drainage ditches. Nutrient-enriched water (target
concentrations = 5 mg L!1 nitrate, 5 mg L!1 orthophosphate, and 5 mg L!1 ammonia) was pumped in at a 4 h
hydraulic retention time at one end of the tub and discharged at the far end. Water samples were collected from
discharge at 1 h intervals for 9 h and analysed for nutrient concentrations. Nutrient removal rates were compared
for all plant treatments and unplanted sediment-water controls. Results indicated that no single species was most
effective at removing both nitrogen species and orthophosphate, although all three plant treatments lowered nutrient
concentrations in water relative to unplanted controls. Ammonia and nitrate concentrations in water were most
decreased in Ludwigia peploides tubs (83±3% and 40±8%, respectively) and total orthophosphate was decreased most
by Leersia oryzoides (29±7%). Leersia oryzoides was least effective at removing nitrate and ammonia concentrations.
By determining specific plant retention of various nutrients, improved planning can be accomplished for best
management practices and remediation techniques such as constructed wetlands or vegetated agricultural drainage
ditches.
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INTRODUCTION

Eutrophication caused by excess nutrients is a pre-
dominant water quality issue for many surface waters
in the United States (US EPA 2000). Nutrients are the
fourth largest impairment of water bodies in the US
behind pathogens, metals and sediment (siltation).
Slightly over 5000 (10%) of reported impairments are
attributed to excessive nutrients (US EPA 2004). Non-
point source runoff from agricultural fields may contain
high levels of nutrients, particularly nitrogen (N) and
phosphorus (P), and can be a major contributor to
eutrophication of adjacent waters (Carpenter et al.
1998).

Within the last decade, much attention has been
given to the hypoxic zone forming annually in the Gulf
of Mexico. Many believe this zone is a result of growing

nutrient concentrations, specifically nitrate (NO3),
being transported down the Mississippi River into the
Gulf. From 1980 to 1996, 61% of the mean annual
total N flux into the Gulf was in the form of NO3, while
2% was as ammonium (NH4) (Goolsby et al. 2000).
Donner (2003) suggested that since 1950, intensive
cropping of corn, soybeans and wheat has impacted US
land cover and water quality. On average, approxi-
mately 35% of N in the Mississippi River dis-charged
into the Gulf originated in the corn belt of Iowa and
Illinois (Goolsby et al. 2000). Subsequent changes in
nutrient ratios in the Mississippi River since that time
could potentially be attributed to increased fertilizer
usage.

Constructed wetlands have been shown to be
effective in removing nutrients from runoff water
(Hammer 1989, Moshiri 1993, Kadlec and Knight
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1996), but most farmers cannot afford to take land out
of production for use as a constructed wetland. The
majority of agricultural lands in the lower Mississippi
Valley and Gulf Coast areas have drainage ditches
lining the fields to channel excess surface water flow
away from crops (Bengtson et al. 1995). These ditches
are the link between farmland and larger bodies of
water such as streams and rivers. Many of these ditches
have standing water, or very wet soils and support
growth of hydrophytic vegetation. If agricultural
ditches are viewed as a type of wetland, they might be
used to remove excess nutrients by encouraging growth
of hydrophytic vegetation that will rapidly sorb
nutrients. Previous studies by Moore et al. (2001) and
Cooper et al. (2004) have indicated the value of
vegetated agricultural drainage ditches in the
Mississippi Delta for mitigation of pesticide-associated
storm runoff. The present study involved the use of
mesocosms with monocultures of three common
emergent ditch macrophytes, soft rush (Juncus effusus),
yellow primrose (Ludwigia peploides) and cutgrass (Leersia
oryzoides). This study’s objective was to determine
which of the three species of macrophytes, if any, was
most effective at removing NO3, ammonia (NH3) and
total orthophosphate (PO4) concentrations from
nutrient enriched flowing water.

MATERIALS AND METHODS

Experiments were conducted using eleven, 379 L
Rubbermaid® troughs (132 cm × 70 cm × 66 cm) as
mesocosms. Mesocosms were filled with 21.6 cm of
sand in the bottom, covered with 16.5 cm of silt/clay
and filled with 24.1 cm of pond water. Each mesocosm
was planted with a single species of macrophyte and
maintained for one year prior to initiation of the
experiments. Three species of rooted, emergent-leaved
macrophytes were planted: soft rush (Juncus effusus),
yellow primrose (Ludwigia peploides) and cutgrass (Leersia
oryzoides). Plants were collected from unused ponds
located at the University of Mississippi Field Station,
Bay Springs, Mississippi. Three replicate mesocosms
were planted with each species. Two unvegetated
control mesocosms contained only sediment and water.
All mesocosms were randomly arranged.

Pond water (NO3, PO4 and NH3 concentrations
below detection of 0.001 mg L!1) was pumped through
the mesocosms for two days prior to the start of each
study. For each experiment, nutrient enriched pond
water (5 mg L!1 NO3, 5 mg L!1 PO4 and 5 mg L!1 NH3)

was prepared in reservoirs and pumped into individual
mesocosms at the water surface. Nutrient stock was
prepared using laboratory grade sodium nitrate,
ammonium sulfate and potassium phosphate dibasic as
sources for N and P species typically encountered in
agricultural runoff. Water flowed through each meso-
cosm and exited at the surface through a discharge hose
at the opposite end of the mesocosm. FMI® metering
pumps were used to deliver nutrient enriched water at
a rate calculated to generate a 4 h hydraulic retention
time (HRT). Water samples were collected from the
discharge hose of each mesocosm at 1 h intervals for 9
h and analyzed for NO3, PO4 and NH3 according to
Standard Methods (APHA 1998). Experiments were
conducted three times; one per week in successive
weeks of July 2002. Water quality (dissolved oxygen,
temperature, pH, conductivity) parameters were
measured in each mesocosm one week before the first
experiment and again one day before the initiation of
each experiment using YSI-85 meters. Plant density in
each mesocosm was quantified by measuring area
coverage and mean shoots m!2.

Statistical analyses utilized F-tests and t-tests for
normally distributed parametric data (Ambrose and
Ambrose 1995). Analyses were conducted with an
alpha level of 0.5. Sample means for both percent
nutrient removal and nutrient concentration were
examined.

RESULTS

Leersia oryzoides had the greatest mean coverage (99%)
and a mean of 820 shoots m!2 (Table 1). Ludwigia
peploides had 97% coverage, with a mean of 312 shoots
m!2. Two of the Juncus effusus mesocosms had less than
50% coverage and had a mean value of 2285 shoots
m!2 (Table 1). It is expected that the amount of
nutrients removed may be proportional to the total
biomass of plant material in the canopy; therefore,
nutrient concentrations were adjusted based on 100%
coverage for all three plant species, plotted and
reevaluated (Tables 3-5; Figures 1-3).

Water quality measurements indicated similar
background conditions in all treatment and control
mesocosms (Table 2). Analysis of nutrient concen-
trations from the discharge of each mesocosm indicated
similar trends in nutrient removal for all three trials of
the  experiment.  All mesocosms  exhibited  increasing
concentrations as nutrient enriched water was pumped
into the troughs. Concentrations typically began to
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Table 1. Mean percent coverage of mesocosm area and
density of plants.

Plant species R1 R2 R3 Mean Mean
coverage shoots m!2

Ludwigia 99 100 91 97   312
Juncus 28   44 85 52 2285
Leersia 98 100 99 99   820

R1: Replicate 1; R2: Replicate 2; R3: Replicate 3.

Table 2. Water quality measurements in replicate
mesocosms. Data recorded at 0700 prior to
initiation of first experiment (July, 2002).

Dissolved
Oxygen Temperature Conductivity

Trough mg L!1 °C pH µS cm!l

Juncus 1 1.57 23.2 6.0 71.2
Juncus 2 1.45 23.1 6.0 55.9
Juncus 3 1.53 23.1 6.2 57.9
Leersia 1 0.82 23.3 5.9 49.6
Leersia 2 2.08 23.3 6.1 46.8
Leersia 3 1.72 23.2 6.0 62.0
Ludwigia 1 4.03 23.2 5.8 23.4
Ludwigia 2 3.50 23.2 5.7 29.2
Ludwigia 3 3.51 23.2 6.2 26.2
Control 1 7.04 23.2 7.0 54.7
Control 2 6.43 23.2 6.9 55.7
Reservoir 7.60 23.2 6.9 124

Figure 1. Ammonia concentration decrease (%) in outflow of
planted mesocosms versus unvegetated controls.

Table 3. Mean ammonia concentrations in mg L!l

(±SD) from three experiments, adjusted for 100%
plant coverage.

Time Control Leersia Juncus Ludwigia

0 0.01±0.02 BDL BDL BDL
1 0.12±0.09 0.02±0.03 0.01±0.02 0.01±0.02
2 0.14±0.14 0.03±0.04 0.04±0.06 0.01±0.04
3 0.18±0.09 0.08±0.06 0.13±0.08 0.03±0.03
4 0.30±0.11 0.16±0.04 0.17±0.09 0.06±0.07
5 0.28±0.12 0.20±0.07 0.18±0.08 0.07±0.06
6 0.32±0.14 0.24±0.09 0.21±0.09 0.04±0.05
7 0.15±0.12 0.24±0.05 0.24±0.12 0.04±0.05
8 0.20±0.10 0.15±0.10 0.16±0.06 0.01±0.02
9 0.22±0.00 0.18±0.07 0.07±0.04 BDL

*BDL = below detection limit of 0.001 mg L!l.

Figure 2. Nitrate concentration decrease (%) in outflow of
planted mesocosms versus unvegetated controls.

Figure 3. Total orthophosphate concentration decrease (%) in
outflow of planted mesocosms versus unvegetated
controls.
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decline after 6 h, as incoming nutrient concentrations
were  reduced.  Control  mesocosms  had the highest
nutrient concentration compared to all vegetated meso-
cosms for  the first 6 h  and all three  plant treatments
lowered nutrient concentrations in the water relative to
the unplanted controls. Results indicated that no single
plant species was most effective at removing NH3, NO3

and PO4.

Table 4. Mean nitrate concentrations in mg L!1 (±SD)
from three experiments, adjusted for 100% plant
coverage.

Time Control Leersia Juncus Ludwigia

0 0.55±0.51 0.21±0.19 O.06±0.04 0.09±0.06
1 1.18±0.43 0.47±0.44 0.33±0.30 0.26±0.29
2 1.75±0.36 0.86±0.55 0.68±0.22 0.56±0.50
3 2.06±0.27 1.36±0.42 1.47±0.40 1.25±0.60
4 3.02±0.63 2.19±0.49 1.78±0.42 1.70±0.58
5 3.23±0.93 2.54±0.74 2.02±0.44 1.94±0.48
6 3.41±1.23 2.99±0.60 2.27±0.40 1.93±1.13
7 2.42±0.62 2.73±0.64 2.45±0.64 2.25±1.04
8 2.17±0.68 2.14±0.70 1.95±0.58 1.64±1.15
9 2.46±0.35 2.50±0.49 1.69±0.25 2.21±1.61

Table 5. Mean total orthophosphate concentrations in
mg L!1 (±SD) from three experiments, adjusted
for 100% plant coverage.

Time Control Leersia Juncus Ludwigia

0 2.11±1.17 0.83±0.33 0.99±0.18 0.66±0.28
1 3.18±0.82 1.35±0.49 2.16±0.70 1.23±0.65
2 4.42±0.70 2.00±0.42 2.58±0.88 2.24±1.05
3 5.08±0.39 2.87±0.32 3.56±0.40 3.09±1.09
4 5.97±1.03 3.49±0.64 4.67±0.94 3.25±0.78
5 5.55±0.74 4.20±0.73 5.04±1.38 4.79±0.53
6 5.61±0.25 4.68±0.73 5.75±0.51 5.52±0.56
7 5.46±0.24 5.10±0.62 5.60±0.78 5.35±0.14
8 4.52±0.18 4.35±0.61 4.61±0.52 4.45±0.28
9 4.49±0.24 4.05±0.49 4.16±0.21 4.64±0.54

Overall mean NH3 removal rates, based on a 4 h
HRT, were 82±3% (Ludwigia peploides), 37±14%
(Juncus effusus) and 34±14% (Leersia oryzoides) (Figure

1). Mean NH3 removal in Ludwigia peploides was
statistically significant compared to both Juncus effusus
and Leersia oryzoides. Ammonia concentrations in
Ludwigia peploides water never reached levels greater
than 0.07 mg L!1, compared to a maximum control
concentration of 0.32 mg L!1 NH3 (Table 3). Leersia
oryzoides and Juncus effusus exhibited similar decreases in
NH3 concentrations, with values typically around 0.10
mg L!1 NH3 less than measured in the controls up to
the seventh hour of the experiment (Table 3).
Statistically significant differences ("=0.05) in mean
NH3 concentrations were noted between the control
and Juncus effusus; control and Ludwigia peploides; Leersia
oryzoides and Ludwigia peploides; and Juncus effusus and
Ludwigia peploides.

Mean overall NO3 removal efficiencies were fairly
low among the three species with Ludwigia peploides at
40±8%; Juncus effusus at 35±7%; and Leersia oryzoides at
22±8%. Ludwigia peploides and Juncus effusus were only
slightly more effective than Leersia oryzoides (Figure 2;
Table 4). There were no observed statistically
significant differences in specific plant versus plant or
in plant versus control mean concentrations of NO3.
Likewise, no statistically significant differences were
apparent between specific plant removal efficiencies.

Total PO4 removal efficiencies for the three species
were greatest in Leersia oryzoides (29±7%) followed by
Ludwigia peploides (24±8%) and Juncus effusus (16±6%)
(Figure 3; Table 5). The only statistically significant
difference occurred when comparing the mean concen-
tration of the control mesocosm versus Leersia oryzoides.
No significant plant specific differences in total PO4

removal were noted. Throughout the entire experiment,
no one species was more efficient at removing both N
and P constituents.

DISCUSSION

According to Surrency (1993) and Brix (1994), plants
are beneficial for nutrient mitigation since they (1) are
capable of some direct uptake in the water, (2) increase
hydraulic retention time by decreasing water flow, (3)
provide soil oxygenation and (4) provide surface area
for microbial biofilms. Results of mesocosm studies
indicated no single species was most effective at
removing NH3, NO3 and total PO4, although all three
plant treatments lowered nutrient concentrations in the
water relative to unplanted controls. The mechanism
for this reduction in water column nutrient concen-
tration is unknown. Most rooted emergent macro-
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phytes, such as those used in this study, are thought to
take up nutrients primarily from sediments rather than
directly from the water (Janse 1998). Silvan et al.
(2004) reported that plant roots and storage organs of
the cottonsedge, Eriophorum vaginatum, acted as long-
term nutrient sinks. However, rooted submerged
angiosperms take up nutrients from both water and
sediment, and non-rooted submerged angiosperms and
floating-leaved plants derive nutrients directly from
water (Janse 1998). According to Sytsma (1989),
Ludwigia peploides has the capability of absorbing
nutrients from water through its extensive adventitious
root system. In addition, algal species gain nutrients
directly from water. In our study, pond water was
pumped through all mesocosms for two days prior to
the initiation of the study, so any algal species present
should be similar in all tubs.

Howard-Williams (1981) conducted enrichment
experiments on enclosures of a Potamogeton pectinatus
community using the same initial forms of N and P
(sodium nitrate and potassium phosphate dibasic) used
in this study. Plant shoot density (approximately 1000
shoots m!2) for Potamogeton were similar to Ludwigia
peploides densities (820 shoots m!2) in the current
study. Howard-Williams (1981) found a rapid increase
in growth of filamentous algae (Cladophara species) over
a 9 week period and measured P absorbance to be eight
times faster in Cladophara than Potamogeton. Although
the study extended up to 23 weeks, they found nutrient
concentrations in the water column were reduced
rapidly, NO3 loads were reduced to control values
within 5 h, and PO4 was removed within 1 d in even
the highest treatments. Howard-Williams (1981)
concluded that macrophyte beds such as this
Potamogeton pectinatus community might be used in
reduction of nutrients from agricultural runoff. Kuehn
and Suberkropp (1998) reported a lack of significant
nitrogen and phosphorus loss through leaching or
mineralization from Juncus effusus litter. Results
suggested both nutrients were either assimilated into
microbial biomass, or they were in forms not readily
leached by vegetation. Kao et al. (2003) determined
that Juncus effusus had 87% nitrogen and 69%
phosphorus remaining in litter after five months -more
than Phalaris arundinacea (reed canary grass); Calamo-
grostis canadensis (Michx.) Beauv. (blue joint grass);
Sparganium americanum Nutt. (burreed) and Scirpus
cyperinus (L.) Kunth (woolgrass).

Meuleman and Beltman (1993) reported on ditch
systems used for water quality improvement in the
Netherlands and found low removal of N, but 90-95%

removal of P in an area with an abundance of brown
moss Fontinalis antipyretica. Field and laboratory studies
were conducted by Richardson and Marshall (1986)
examining P movement in a minerotrophic peatland in
central Michigan. In their study as nutrient availability
increased, nutrient uptake and storage by the narrow-
leaved sedge, Carex species, increased. Algal populations
were an important temporary sink, removing P rapidly
from the water column. They concluded that “soil
adsorption and peat accumulation (i.e. phosphorus
stored in organic matter) control long-term phosphate
sequestration. But microorganism and small sediments
control initial uptake rates, especially during periods of
low nutrient concentrations and standing surface
water” (Richardson and Marshall 1986).

Water temperature and pH are driving factors in
the rate of denitrification in aqueous solutions. Other
limiting factors include carbon availability and nitrate
concentration (Trepel and Palmeri 2002). Sediment is
a significant site for denitrification, due to a general
abundance of organic carbon and the anaerobic
environment (Bastviken et al. 2003). Much less known
is the role of various aquatic plant species in the
denitrification process (Bachand and Home 2000).
Adsorption of nutrients onto sediment binding sites
might account for some reduction in water column
concentrations. All mesocosms were set up with the
same sediments initially, but vegetated mesocosms
developed an increase in sediment organic matter over
time compared to the unvegetated controls. When
exposed to nutrient enriched water, all plant treatments
had total PO4 concentrations less than the control
treatments through 5 h of the experiment (Table 5).
The remaining 4 h of the experiment showed similar
total PO4 concentrations in the controls and two of the
plant treatments. Under anoxic conditions, dissolved
inorganic P can be released from sediments (Howard-
Williams 1981). Dissolved oxygen concentrations in
planted mesocosms ranged from 4.03 to as low as 0.82
mg L!1 (Table 2) when measured at 0700, so it is likely
that the majority of the sediments in these mesocosms
were reduced. However, there does not appear to be
any release of P from the sediments. Serrano et al.
(1999) examined P in seasonal ponds after periods of
drought and found that pond sediments were not a net
source of P at the onset of the filling period. Instead
they suggest P adsorption onto sediment particles. This
has important implications for agricultural ditches that
are periodically wet and dry.

Groffinan et al. (1992) suggested more nitrogen
may be sequestered by plants than microbes during a
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growing season. Plants and microbes are capable of
utilizing dissolved organic nutrients such as NH4, NO3

and PO4 (Dodds 2003). Bachand and Home (2000)
reported the main mechanism for NO3 removal was due
to bacterial denitrification, rather than plant uptake.
However, the presence of plants is beneficial in other
regards, since it increases the surface area for microbial
biofilms (Eriksson and Weisner 1999). It is unknown
if the reduced nutrient concentrations in the water
column of plant treatments in this study are due to
plant uptake, adsorption to the plant surface, or
chemical processes such as precipitation, nitrification
and denitrification. The mesocosms worked well for
simulating a flow-through ditch environment and
examining differences in mono cultures of hydrophytes.
It is clear there are differences in nutrient removal
between vegetated and unvegetated mesocosms and
differences between species of emergent macrophytes.
Additional work is needed to clarify the mechanism of
nutrient reduction, as well as seasonal evaluations, and
the possible effects of harvesting aboveground biomass.
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